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However, the Utah

(petrified palm roots) species from the
originally reported as from the Jurassic
State Geologic Map upon which this was
largely based is erroneous, and the strata contaming
the palm roots are in the
lertiary Dipping Vat Formation, rather than in
the Jurassic
^rom the palm roots previously reported, three new species have Arapien Shale
been identified:
Khizopalmoxylon behummi, R. blackii, and R. scottii.
Specimens of the new species, Palmoiylon gustavesonii,
were collected from
the Dipping Vat Formation east and south of
Redmond. This formation unconformably overlies the Arapien Shale in the vicinity of
the previously reported
' "^^^ P'T^"] '''"^- '^^ P^^"^ ^^^^ '•^P^'-'^d from the Arapien
ShalfV'.nn
^hale
cannot be conclusively demonstrated to have come
from the Dipping Vat
'^^ P/r'""'^ °^ ^"°!^"'' 'P^^i^^ °f Petrified palm in the
F°'^''''r'
l^ormation
is sufficient to cast doubt on their
existence in the Arapien

k

1
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Srinn^t
Shafe

The species of fossil palm material {Rhizopalmoxylon and
Haimoxyion) discussed in this paper are from the Dipping Vat
Formation of Tertiary age near Redmond, Utah.

7^^

Rhizopalmoxylon species from the Redmond Hills west of
(Figs. 1, 2b) were originally reported as from
the Jurassic

D
Redmond

Arapien Shale (Tidwell et al, 1970b, 1971a). l^his was
based largely upon these strata being mapped as Arapien
Shale (Utah State
(jeologic Map). This mapping has since been
demonstrated to be
erroneous (Scott et al., in press), and the strata containing
the palm
roots are, without question, in the Dipping Vat
Formation.
Specimens of the new Palmoxylon species (Palmoxylon gustavewere collected from the Dipping Vat Formation approximately
^ur miles east and south of Redmond in central Utah (Fig
1)
Ihese specimens consist of axes which were
embedded within
sonii)

a
resistant tuffaceous sandstone, as well as eroded,
fragmental surface

samples.

The specimens in the Dipping Vat Formation, which uncontormably overlies the Arapien Shale Formation in
the vicinity of
^Q«Q''^o7^n
?nlnu?''^'"'
I^t)9^j970a^7()b),

'^'^'''^

previously reported (Tidwell et al.,
to us by Mr. Jay Gustaveson of

were shown
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may

also have come from the younger Dipping Vat Formation.
It is
not certain as to how they arrived in the Arapien Shale. But,
to
have them eroded, roll approximately a mile over a near vertical
cliff of about 100 feet, and remain intact as
axes three to four feet
in length does not seem possible.

.^^^'^^.^'^^^^^P^^— The Dipping Vat Formation (McGookey,
1960) IS one of a series of formations deposited in association with a
large Late Eocene Lake in central Utah. Clastic fragments
of the
formation were derived largely from volcanic activity to the south
or southwest of the central Utah locality. The formation
here conof coarse-grained, gray to white, sometimes gray-blue,
locally
hydrothermally altered to red, evenly bedded tuffaceous sandstones
which contain varying amounts of pyroclastic fragments. Minor
white clay and silty limestone are also interbedded.
The Dipping Vat Formation is overlain by the Bullion Canyon
Volcamcs at the type section and is underlain by the Bald Knoll
Formation. In the Redmond Hills, the Dipping Vat Formation
is
hydrothermally altered to reddish gray. These sediments are strikingly similar in appearance to some horizons in the Arapien
Shale.
sists

Rhizopalmoxylon

Felix, 1883

Rhizopalmoxylon is the form genus for petrified roots referable to
the family Palmae. Diagnostic criteria for determination
of species
and genera have been variously treated. Tomlinson (1961), Drabble
(1904), and Cormack (1896) considered them not to be definite
enough for differentiation. Mahabale and Udwadia (1959) ".
sug.

.

gested that since many of these characteristics [concerning
palm
roots] are of a stable nature, they can be used for
the analysis of
the artificial genus of palm roots, Rhizopalmoxylon:'
Palm roots'
possess some peculiar features such as a so-called
polystele due to
dissolution of the stelar system into strands of various
shapes, changes
in their anatomy due to varied habitats, etc.
Some of these features
are distinctive for certain species and genera which will
help in
identifying them on the basis of their anatomy

Udwadia, 1959).

(Mahabale and

Roots of living palms arise generally from the basal portion
of a
tree trunk where they form a dense, surrounding
network. Position
on the plant and function of roots of palms can be distinguished
Ihere are large-sized, aerial roots which function as prop
or stilt
roots. Others are small and grow downward,
serving as absorbina
roots. Cluster-forming aerial roots arise a little
above ground, grow
downwards at various angles, and form a thick mat around the tree
trunk. In some palms the secondary roots grow
vertically upward

and form pneumatophores. Each of these vary as to their anatomy
have distinctive criteria useful in recognizing species of palms
/i^i
(Mahabale and Udwadia, 1959).
The anatomy of Rhizopalmoxylon has been discussed in conjuncP^^'^oxylon species to which they are attached (Stenzel,
V^^.^o
1904; Sahni, 1938; Gothan, 1942; Stockmans and WiUiere 1943,
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Shukla, 1946; Ogura, 1952; Lakhananpal, 1955; Rao and Menon,
1965; Menon, 1968; Tidwell et al., 1971b).
The well-preserved palm roots constituting this report are imbedded in growth position at several horizons within sandstone strata
of the Dipping Vat Formation. In some areas, they form an intricate
pattern of large and small roots similar to the network developed in
living arborescent monocots.

Rhizopalmoxylon bchuninii.
Figfures 2a.

Description.

—

n. sp.

3

mm

These consist

diameter, interwoven

of silicified roots, 5-10
in
the sediments. The epidermal layer,
and Udwadia (1959), or limiting layer of
the hypodermal layers are generally not

among

epiblema of Mahabale
Drabble (1904) and

preserved.
The three parts of the cortex lie beneath the slight remains of
the hypodermis. The outer cortex is about 0.05
in thickness
and consists of one to four layers of thin-walled, blocky, parenchy-

mm

matous

cells.

The

lacunar, middle cortex contains slender, radiating air spaces
irregular, thin radially extended diaphragms. The short, thick-walled parenchyma cells forming the
diaphragms are radially aligned, usually one to three cells in thickness. This zone is approximately 2
wide.

which are separated by

mm

Fourteen layers of blocky or oblong-shaped, compact, thin-walled
parenchyma cells compose the inner cortex, which has a total thickness of about 0.05 mm. Beautifully preserved brachysclereids are
sometimes present in this tissue.
The single cell layer of the endodermis is poorly preserved and
resembles the single-layered pericycle. Cas])arian strips occur, where
visible, only on radial walls. Some endodermal cells contain a dark
substance.

There are upward of 26 exarch xylem strands present in the
Each strand contains two or three metaxylem vessels, wall to
wall, or alternating in two to three concentric rings. Areas of phloem
occur between the protoxylem elements near the pericycle. The
metaxylem elements are surrounded by compact, thin-walled parenchyma cells, in which an occasional fiber can be observed.
The pith is formed of compact, thin- walled parenchyma cells
and rarely contains ceils with secondary walls. The center portion
of the pith breaks down, leaving an irregularly sha{)ed hollow center
surrounded by parenchyma.
This species is named for the late Mr. Homer Behunin of Redmond, Utah, who was the original discoverer of these fossil palm
stele.

localities.

—

Brigham Young University, 920 (Holotype)
Locality.— Redmond Hills, Utah
Repository.

March 1972

Fig. 2.

A.
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Cross section of Rhizopalmoxylon

moxylon specimen

in place.

behuninii.

B.

A

Rhizopal-
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blackened portions

The
Cross section of Rhizopalmaxylon behuninii
Fig. 3.
slightly enlarged.)
indicate areas of poor preservation. (Cells are
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Horizon.— Dipping Vat Formation
Age.

— Late Eocene

Rhizopalmoxylon

blackii, n. sp.

Figure 4

Description.

—

Silicified

roots

are approximately

10

mm

in

diameter.
„

\t-

./.

n-F l^^

-L

Fig. 4.
Cross section of Rhizopalmoxylon
conjunctive tissue. (Cells are slightly enlarged.)

blackii.

Note the thick-walled
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Epidermis and hypodermis are not preserved and the outer cortex
nearly obliterated. The outer and middle cortex is 2.5
wide
with the composition of the outer being compact, thin-walled parenchyma. The middle cortex is not well preserved. Where present it
consists of radiating diaphragms separating air cavities. The dia-

mm

is

phragms are made

of thin-walled, isodiametric parenchjnia cells.
cortex is 0.05
in width, and, although poorly preserved, relatively thick-walled, isodiametric cells are observable.
This relatively uniform cortical tissue is approximately eleven cells
in thickness.
The endodermis is one cell thick with some darkened areas on its
radial cell walls which may be the remains of casparian strips. The
pericycle is not preserved but appears to have been about one cell
in thicknessThe stele is well preserved. Patches of phloem with approximately eight sieve tubes per area occur between strands of protoxylem. Thirty protoxylem points are observable with twenty
metaxylem elements in each of two concentric rings. The protoxylem and first formed metaxylem elements are wall to wall with
later developing metaxylem elements alternating.
Compact, small, thick-walled cells make up the conjunctive tissue
with some thin-walled parenchyma ensheathing some of the vessel
elements. Pith contains large, thin-walled cells.
lacuna occurs in
the pith, but this appears to be due to preservation rather than a
breakdown of parenchyma cells.

mm

The inner

A

Rhyzopalmoxylon blackii was named for Mr. Robert Black
Redmond, Utah, for his contribution to this study.
Repository.
Brigham Young University, 921 (Holotype)
Locality.
Redmond Hills, Utah
Horizon.
Dipping Vat Formation

of

—
—
—

Age.

— Late Eocene

Rhizopalmoxylon

scottii. n. sp.

Figure 5

—

mm

Petrified roots, 7-9
in diameter, embedded
Description.
within sandstone layers.
The epidermis and hyj)odermis are not preserved. The outer
cortex, comprised of layers of compactly arranged j)arenchyma cells,
is 0.05
wide. The 2 nmi middle cortex in some sjiecimens is
composed of compact, thick-walled, round to hexagonal, isodiametric
parenchyma cells. In other specimens, the middle cortex consists
of diaphragms of these isodiametric cells separated by air cavities.
Some isolated fibers are present in the middle cortex.
The thin-walled, isodiametric-celled, inner cortex is four cells and
0.05
in thickness. The cells become smaller toward the endodermis. The endodermis and peri( ycle are uniseriate, and the pericycle is poorly preserved. Casj)arian strips may be observed on the
lateral and inner walls of the endodermal cells.

mm

mm
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—
—
—

Repository
Brigham Young University, 922 (Holotype)
Redmond Hills, Utah
Locality.
Horizon.
Dipping Vat Formation
Age.
Late Eocene
The palm
Discussion of the Rhizopalmoxylon species.
roots of this study are found in growth position within the sediments
of the Dipping Vat Formation. The roots appear to be subterranean
and probably do not represent aerial roots or pneumataphores, which
would be more inclined to be destroyed because of exposure. They
appear to be absorbing roots, all serving the same function, and
possessing a different anatomical structure than the other root types.
In comparing the species discussed here with other described
forms, they were found to be dissimilar in their stelar configuration.
Rhizopalmoxylon hehuninii, R. hlackii, and R. scottii have two or
three concentric rings of metaxylem elements, whereas those to
which they were compared had only one.
The stelar configuration and conjunctive tissue of Rhizopalmoxylon behuninii and R. scottii are similar, with the exception of the

—

—

much

smaller stele size of the latter. The overall root size is the
in both species, and therefore R. scottii does not appear to represent a small secondary root of R. behuninii- Smaller secondary
roots possess a compact middle cortex as in R. scottii; however, the
middle cortex of some specimens of R. scottii also contain air cavities,
indicating that they are distinctly different from R. behuninii.
These sjiecies differ from Rhizopalmoxylon blackii in their stelar

same

pattern and conjunctive tissue. Mahabale and Udwadia (1959, p.
93) states, "The different patterns of the stele in palm roots with its
conjunctive parenchyma form a very characteristic feature of each
species.

.

."
.

The endodermal

cells of R. scottii have the typical C-shaped
casparian strips of Russow, whereas those on R. blackii and R.
behuninii appear to be only on the radial walls.
The conjunctive tissue of Rhizopalmoxylon behuninii and R.
scottii is composed of thin-walled parenchyma, contrasting with the
thick-walled conjunctive tissue of R. blackii. The conjunctive tissue
of R. behuninii varies little from its pith, while the pith of R. scottii
is composed of thin-walled cells which are larger than the cells of its
conjunctive tissue. The j)ith of R. blackii is composed of thin- walled
cells which (hffer from its thick-walled, smaller-celled conjunctive
tissue. R. hlackii also has more metaxylem elements, and the inner
cortex consists of isodiametric cells, rather than the elongated hexagonal cells of R. behuninii.
The Palmoxylon si)ecies to which these roots may be related is
uncertain at the present time. Although all Palmoxylon specimens
collected by the authors from the Dipping Vat Formation are assignable to P. gustavesonii, other species of this genus may have also
been present. Eventually, the basal portion of P. gustavesonii and
other possible species may be uncovered and collected, and the affinities of these Rhizopalmoxylon species may then become known.

March 1972
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Roots of the living palm genus Latania are similar to these
Rhizopalmoxylon species in stelar configuration. They vary, however, by the roots of Latania having lysigenous air cavities in the
middle cortex, whereas the middle cortex of the Rhizopalmoxylon
species described in this paper appears to be formed schizogenously.
This is similar to those found in some palms growing in swampy
situations, such as Raphia and Nypa (Tomlinson, 1961).

Palmoxylon Schenk, 1882
Palmoxylon gustavesonii,

n. sp.

Figures 6a, 6c

—

Description.
All that is anatomically preserved of these
specimens are the central and subdermal zones of the petrified axes
which vary from 25 to 30 cm in diameter. The central zone is characterized by irregularly oriented vascular bundles.
These bundles
are 750/i at their widest, and vary from 800 to 950/t in height. There
are approximately 67 bundles per cm-. The f/v ratio is commonly
1:1 but can differ slightly (1.5:1, 1:1.2).
The bundle shape is
blocky, oblong to infrequently ovate. The bundle cap is reniform
in shape with a shallow median sinus. Auricular sinuses are markedly absent, with auricular lobes being rounded.
Vascularization consists of two metaxylem elements per bundle,
occasionally three. The elements vary from 155 ta 200/1 in diameter.
In longitudinal section, the vessels are 500 to 600/t in length with
simple perforation plates and scalariform thickenings on the wall.
Protoxylem elements were not observed in the central region of our
specimens. The phloem is usually not preserved, but in some bundles
the outline of elements can be determined, and they range from 40
to 65/1 in diameter. Both the vascular portion and the fibrous bundle cap are encased by tabular parenchyma. The ground tissue consists of thin-walled, compact, isodiametric cells, lacking lacunae.
Numerous fibrous bundles 150 to 259;u. in diameter are present, but
lack stegmata.

The bundles of the subdermal zone, although poorly preserved,
tend to be more or less regularly aligned near the dermal zone, and
irregularly oriented near the central zone. The bundles tend to be
larger in the subdermal zone (1
x 1.25 mm). There are approximately 84 bundles per cm- with a f/v ratio of 1:2, rarely 1:1.
The vascularization and size of the metaxylem elements are similar to those of the central zone.
This species was named in honor of Mr. Jay Gustaveson of Salt
Lake City, Utah, for his aid in this study.
Repository.
Brigham Young University, 923 (Holotype)
Locality.
Four miles east and south of Redmond, Utah

mm

—
—
Horizon. — Dipping Vat Formation
Age. — Late Eocene
Discussion and conclusions. — Some

collected or observed
axes of Palmoxylon gustavesonii were eight to nine feet long and
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B

Pig.

6.

A. Longitudinal view of simple perforation plate on vessel of Pal-

moxylon gustavesoni. B. Longitudinal section of scalarifonn perforation plate on
of Palmoxylon simperi. C. Cross section of bundles of Palmoxylon gus-

vessel

tavesom (enlarged) illustrating typical oblong bundle shape.
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were embedded within a resistant tuffaceous sandstone. Samples
were studied from various points along these axes. There does not
appear to be any appreciable anatomical differences between them.
Palmoxylon gustavesonii and P. simper i Tidwell are not similar,
but, because their collection sites are within the same general area,
a detailed comparison of these two species is necessary.
Palmoxylon gustavesonii is distinct from P. simperi in that the

mm

to 2 mm),
vascular bundles of P. simperi tend to be larger (1.25
less numerous, and more widely spaced with 53 bundles per cm-.
The bundle caps of both species are reniform, although P. simperi
has prominent auricular sinuses and a rounded to somewhat angular
median sinus. The f/v ratio in the central zone of P. simperi is
2.5:1 compared to 1:1 in P. gustavesonii. Vessels of P. simperi have
both simple and scalariform perforation plates (Fig. 6b) and its
in length) in longitudinal
vessels tend to be longer (about 1

mm

section.

Palmoxylon pristina Tidwell is also found in the same general
area as both P. simperi and P. gustavesonii^ but, due to the poorly
preserved specimens of P. pristina., a more detailed comparison is not
possible. The bundles of P. pristina are smaller and more rounded
with the bundle height being the same as the width. The bundles of
P. gustavesonii are mostly oblong, whereas those of P. pristina are
pear-shaped to triangular. The f/v ratio of P. pristina is 1.7:1 to
2.7: 1 as compared to 1 1 to 1.5: 1 for P. gustavesonii.
Based on the comparison of the central zones, Palmoxylon gustavesonii, P. pristina, and P. simperi are distinct species. Although
the statement was originally made that P. pristina and P. simperi
may have been from different parts of the same plant and may represent the same biological species (Tidwell et al., 1970a), they are
distinct and appear to represent separate biological as well as form
:

species.

The bundle shape

in the central zone of Palmoxylon pondichersimilar to P. gustavesonii, but it differs mainly in the
occurrence of stegmata on the fibrous bundles and the presence of
large lacunae in the ground tissue of the central zone. The vascular
bundles of P. pondicherriense decrease in size from the dermal to
the central zone, a character which is the reverse of most Palmoxy-

riense Sahni

is

lons.

Palmoxylon edwardsi Sahni looks very similar, but only the
dermal and subdermal zones were present and described. This makes
a comparison with P. gustavesonii difficult because of the poorness of
preservation in the subdermal zone and the lack of the dermal zone
in the latter. Some of the observable differences are the lack of tabular parenchyma, the occurrence of small air spaces in the ground
tissue, and the tendency for some of the bundles in the subdermal

zone of P. edwardsi to show a radiating pattern.
Because of the interest shown for the possibility or impossibility
of palms occurring in the Jurassic, this paper on petrified palm axes
and roots from the Tertiary Dipping Vat Formation, which in some
areas overlies the Jurassic Arapien Shale, has an added significance.
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The responsibility of any errors in the prior pubhcations relating to
Jurassic palms (Tidwell et al, 1969, 1970a, 1970b, 1971a) remains
with the senior author. Although these publications appear to be due
to hasty conclusions, this was not the case. Much time and effort
was spent in trying to arrive at the truth. Several expeditions with
as many as twenty students were made into the hills surrounding
the collecting localities of Palmoxylon simperi and P. pristina looking for any petrified material above the Arapien Shale and, as previously stated, none was found. Many persons were questioned
concerning the possibility of fossil palm materials above the Arapien
Shale, and in most cases their answers were later proven to be either
false or evasive for whatever reason each one had. However, no one
admitted to the petrified materials being present in the younger beds
until Mr. Gustaveson came forward and conducted us to their location after our earlier papers were published.

The palm roots are definitely from the Dipping Vat Formation,
whereas the palm axes previously reported from the Arapien Shale
cannot be conclusively demonstrated, at the present time, to have
come from this younger formation. However, the possibility of their
derivation from the younger strata, as suggested by petrified palm
axes from the Dipping Vat, is sufficient to cast doubt on their existence in the Arapien Shale.
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